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Abstract 
 
The focus of this work is to investigate and apply the remote sensing method of object-
based image analysis (OBIA) for vegetation classification of a permafrost underlain 
peatland in sub-arctic Sweden, by using aerial imagery of high resolution. Since the 
northern landscapes are an important source of naturally stored CH4 and CO2, their 
contribution to the global carbon cycle is a focus in research about climate change and the 
global methane exchange. Climate change affects permafrost soils by future increases in the 
mean temperature and precipitation. It further influences the depth of the frozen layer, and 
the thickness of the active layer above permafrost increases. This complex relationship 
results into a changing future landscape distribution of the vegetation at permafrost 
peatlands. The change has an effect on the exchange of CH4 in particular permafrost areas. 
For that reason, knowledge about the vegetation distribution of plant communities is 
interesting for ecological studies. In this work, the observed area is Stordalen mire, which is 
situated in Swedish Lapland. At this peatland, a landscape change is currently visible as it 
occurs as variations in the vegetation pattern above the permafrost and by an obvious 
permafrost thaw. A number of studies focus on the mire and the place has a long history of 
research in climate change. So far, there is no detailed vegetation map of Stordalen 
available, indicating the relative spatial distribution of vegetation. Therefore, the main aim 
is to use a suitable technique to derive a detailed vegetation map by supervised 
classification. To carry out the information needed, digital aerial photography of high 
spatial resolution was used. The extraction of thematic information from that data was done 
by a combination of OBIA methods. Remote sensing has the capability to explore distant 
regions, and the usage of digital aerial imagery of high resolution allowed to captures the 
small size of structures of vegetation. It was possible to identify single plant communities 
from the data, and this information was taken out as vegetation classes. The presented work 
includes the preprocessing of the data, the segmentation of image objects, establishment of 
classification controls, set up of training areas, and the image classification to the vegetation 
map, finally with an evaluation of the results. The resulted map is a contribution to apply 
OBIA as a method for landscape analysis in future research about northern peatlands. 
 
Key words: Physical Geography and Ecosystem Analysis, Object-Based Image Analysis, 
OBIA, Vegetation Classification, Permafrost, Arctic Peatland, Remote Sensing, Aerial 
Photography, Environmental Monitoring, Landscape Analysis 
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1. Introduction 
 
1.1 Background  
 
1.1.1 Global Climate Change and Greenhouse Gas Emissions 
 
Climate change is forcing a global change in temperature and precipitation (Meehl 2007). 
Observations show an increase of the global surface air temperature, a warming that is most 
likely caused by rising emissions of greenhouse gases (GHG) i.e. carbon dioxide (CO2), 
nitrous oxide (N2O) and methane (CH4) produced from human activities (ACIA 2005; IPCC 
2013; AMAP 2011). These GHGs are the main drivers of global climate change. CO2, N2O 
and CH4 amongst others are the most important trace GHGs in the exchange between land 
surface and the atmosphere (IPCC 2013; Meehl 2007). Certain regions in the northern 
latitudes are exposed to a larger increase of temperature than the global mean and receive 
more winter precipitation (snow), as simulations show (IPCC 2013). Throughout the arctic 
regions, the mean temperature and precipitation are expected to increase continuously in the 
future (IPCC 2013). This affects not only the future distribution of glaciers and ice caps, but 
also permafrost underlain peatlands in Arctic ecosystems.  
 
1.1.2 Climate Change in Arctic Peatlands and Permafrost Ground 
 
In contribution to the global carbon cycle, northern landscapes are an important source of 
naturally stored CH4 and carbon. Methane is a potent greenhouse gas for global warming, as 
it is effective to the global climate. Measurements of the CO2 and the CH4 exchange show 
that, under current conditions, the northern wetlands act as both net sinks, as the vegetation 
consumes carbon, and as a large source of methane when decomposed (Friborg et al. 2003). 
Permafrost ground forms a core that remains frozen for 2 or more consecutive years 
(Christensen et al. 2004). Parts of the exposed land area (above sea level) in the northern 
hemisphere is permafrost underlain (Zhang et al. 2000; Tarnocai et al. 2009). Since the 
1980s, temperatures in the permafrost soil have increased by 3% and are causing permafrost 
thaw (IPCC 2013; AMAP 2011).  
 
Several recent studies have discussed the feedback effects to climate change from GHG 
emissions of thawing permafrost under peat plateaus and palsa mires (Christensen et al. 
2004; Malmer et al. 2005; Bosiö et al. 2012). When permafrost is thawing, the land may 
become wetter. Water cover unlocks the saturated bottom from oxygen. The water table 
position is a strong controlling factor on CH4 exchange (Christensen et al. 2000). The 
relationship between outgoing CH4 fluxes and the position of the water table in peatland 
soils are complex (Moore and Roulet 1993). The changing condition in the ground 
generates a change in the distribution of the surface water cover on permafrost ground; 
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disappearance of permafrost leads to the drainage of wetlands and lakes till they dry out, 
and develops new wetlands in other places (AMAP 2011).  
 
Water coverage depends on the composition of the covering vegetation (Moore et al. 1998), 
and in turn the access to water leads to growing vegetation - this change affects the 
permafrost ground by its expansion. Dependent on the vegetation cover, the ground can be 
insulated and therefore kept warmer in the winter and colder in the summer (AMAP 2011).  
 
 
Figure 1. Northern circumpolar permafrost map from (Tarnocai et al. 2009). 
 
Figure 1 shows that permafrost areas occur all over the polar and arctic landscapes, areas 
that are likely to have a peatland characteristic (Tarnocai et al. 2009). Mire communities on 
permafrost underlain soils play an important role in the global methane discharge (McGuire 
et al. 2009), since they are sensitive ecosystems. Peatlands react to changes in climate and 
disturbance and face, e.g., vegetation growth that responds to the warming environment 
(Sonesson et al. 1980b). Methanogenesis is the process of the formation of CH4. At 
permafrost underlain peatlands, this event depends on the temperature in the peat surface. 
The peat consists of partially decomposed organic matter with a minimum peat depth 
between 30-40 cm (Gorham 1957; Charman 2002). The accumulation of peat depends on a 
number of factors: the water table position, the soil temperature and net primary production 
(Rouse et al. 1997). The position of the water table is important as it controls the emission 
and absorption of greenhouse gases.  
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The peatlands in Arctic tundra areas (Fennoscandia) have accumulated carbon during the 
course of the Holocene (Sonesson 1974) and store about 25% of the world’s terrestrial 
carbon (Gorham 1991). Regions in the northern latitudes are exposed to a larger increase of 
temperature than the global mean and receive more winter precipitation (in the form of 
snow) than earlier. Mean temperature and precipitation are expected to show a continuous 
increase in the future throughout the arctic regions (IPCC 2013). Climate change in arctic 
peatlands is a local process, held in the form of a change in the landscape of arctic lands. 
Understanding potential climatic feedbacks from arctic peatlands is of interest for research 
in climate change scenarios and a future climate policy, because the impacts in these 
environments are significant (Anisimov 2007).  
 
1.1.3 Remote Sensing in Arctic Peatlands and Concepts in OBIA 
 
Remote sensing has the capability to explore large areas of the earth surface, being a large 
source of data that is received in the form of aerial imagery or from earth observation 
satellites. The extraction of thematic information from remotely sensed images is a common 
technique in research, conventionally used in geographic information systems (GIS). 
Remote sensing techniques are used to detect detailed information about peatlands in distant 
regions. Applications to map the plant distribution and identification of vegetation 
communities exist (Ouyang et al. 2011). Increasing spatial resolution provides more 
information. Therefore, very high resolution (VHR) images have the opportunity to capture 
the small size of structures occurring at peatlands (Belyea 2007).  
 
The recent increased availability of VHR data enables a growing development of object-
based methods (OBIA) for image analysis and in peatland classification (Dissanka et al. 
2009). OBIA was used in ecosystem monitoring about the status of degradation in a mire 
(Langanke et al. 2007). OBIA is an approach in remote sensing development that enables to 
classify the information of remotely sensed data with focus on different levels of 
information from the data (Burnett and Blaschke 2003). An image classification in OBIA 
takes the spectral information as well as the spatial arrangement of pixel values into account 
(Lewis et al. 2013). OBIA has the advantage to treat a group of pixel values into an object, 
which then contains more information than just the single pixels (Dissanka et al. 2009). The 
classification is following a division into (in this case vegetation community) classes on the 
basis of multispectral pixel values of a digital imagery that covers a peatland. An aerial 
imagery that shows the peatland during the growing season can be used to derive detailed 
information about the vegetation composition. The classification map of the entire mire 
based on a true color VHR aerial imagery promises to discriminate the peatland vegetation 
distribution. In this study, we applied OBIA to create a detailed map of the vegetation from 
VHR aerial imagery. A comparative classification of the changing vegetation distribution at 
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Stordalen mire was done in 2004, using aerial imagery from the years of 1970 and 2000 
(Christensen et al. 2004). 
 
OBIA is a common method as an application in remote sensing, and the technique has 
become more usual during the last years. OBIA describes an image as distributed in 
segments into objects for a classification of the image (Blaschke 2010). In OBIA, the image 
content (spectral information) is differentiated into homogeneous parts, so-called 
“segments”. Each segment defines an “object” as the group of adjacent pixels, which is the 
entity that can be classified by the user. Such an image object carries more information than 
a single pixel value that contains only the spectral property. Objects derived by OBIA 
contain additional information about shape, texture, geometry (dimension). The attributes of 
neighboring objects are considered, too. As a difference to pixel-based image classification, 
the segmentation in OBIA builds up on the subdivision of the image. Because image objects 
can contain additional attributes, such valuable information is a benefit of OBIA when 
compared to the traditional pixel-based analysis (Geneletti and Gorte 2003; Dissanka et al. 
2009).  
 
The segmentation process may be achieved in several steps and image objects can change 
their shape and size continuously. OBIA follows either a top-down or a bottom-up 
approach. Top-down cuts the image into smaller objects, bottom-up assembles objects to 
larger ones (simplification first). This initial segmentation leads to an increasing 
differentiation of classification and an abstraction of the original image information (Benz 
et al. 2004), which complies to the human perception and interpretation of the environment. 
 
The application of OBIA as a method for analyzing remote sensing data for landscape 
analysis is used more frequently in hydrological and in ecological studies. Such recent 
studies have focused on inventory of change of peatlands (Dissanka et al. 2009), wetland 
analysis (Dronova et al. 2012) and wetland classification (Conchedda et al. 2008; Dronova 
et al. 2011). There is still knowledge needed in supervised approaches within OBIA 
(Dronova et al. 2012). At the same time, OBIA has recently acquired more attention in 
environmental monitoring (Blaschke 2010), an adaption to VHR aerial imagery is of 
interest. A high spatial resolution has the advantage to obtain image objects that provide 
more information rather than only the spatial context of pixels (Dissanka et al. 2009). 
Further, the usage of high resolution data promises better estimations for models in research 
about northern peatlands (Persson et al. 2012).  
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1.2 Study Area  
 
Our study focuses on Stordalen mire, a sub-Arctic mire situated in the subalpine tundra 
region of northernmost Sweden (shown in figure 2). Stordalen is a peatland of the eastern 
continental type on permafrost and covering an area of approximately 25 ha, while the 
central part is of ca. 15 ha areal size (Sonesson et al. 1980b). The peatland complex is 
situated 10 km east of the Abisko Natural Sciences Research Station and located between 
the main road E10 Kiruna-Narvik and Lake Torneträsk (68°355’N, 19°044’E). The 
Torneträsk catchment is located about 200 km north of the Arctic Circle and near the 
Swedish Lapland National Park at an altitude over 393 m.a.s.l. (Sonesson et al. 1980a). The 
area is publically accessible but most anthropogenic influence and disturbance exists only at 
places that are of use for scientific research installations.  
 
 
 
 
Figure 2. Map of the study site. The location of Stordalen mire east of Abisko at the 
Torneträsk catchment in Swedish Lapland (68°355’N, 19°044’E). The small rectangle 
indicates the data extent of the aerial photography covering Stordalen used as ROI. 
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In sub-Arctic areas, palsa mires - Lappish word for dry ridges in Mires (Sonesson et al. 
1980b) - can be found. A palsa mire is one that is partly underlain by permafrost. Mires 
found in the southeastern part of the Torneträsk catchment are mixed palsa type and 
partially underlain by permafrost (Christensen et al. 2007). Parts of Stordalen mire are 
underlain by permafrost (Johansson et al. 2006). The palsa-stage of Stordalen is described 
to be of the lichen and hummock vegetation type class (Malmer et al. 2005).  
 
Stordalen is characterized by peat bogs (at different peat degradation stages) with partially 
collapsed palsa and fens. The main area of the mire forms a raised plateau of slightly 
elevated topography with permafrost. This central part of the mire complex is dominated by 
plant communities of dwarf shrubs, of mosses, and of lichen hummocks. The vegetation 
shows differences in and between the main habitats (elevated ombrotrophic, wet 
minerotrophic depressions, pools) and is linked to the topographical heterogeneity 
(Sonesson and Kvillner 1980). Permafrost underlain areas or the palsa are elevated 1 m 
above the adjacent wet parts, and low vegetated with shrubs. Collapsed parts are covered by 
mesic or wet vegetation (Torbick et al. 2012).  
 
The surrounding area of the mire is lacking permafrost and shows wetter fen-like conditions 
and is also more nutrient-rich and covered with grass and rocks (Christensen et al. 2007). 
Treed vegetation contains mountain birches. In the southern fen area, at lower relief, the 
landscape changes slightly and stands of mountain dwarf birch tree occur (see figure 3). In 
northeast and the southwest directions a number of rather shallow lakes form the border of 
the mire (Kokfelt et al. 2010), and sparsely distributed granite rock formations. According 
to the used elevation data set, the catchment of the study site has an elevation ranging from 
351 m above sea level at the surface of the south-eastern lake Villasjön to a 352 m at the 
internal area. Water within Stordalen mire drains down through a fen area into the northern 
lake Inre Harrsjön which is lower at 350 m (Kokfelt et al. 2010; Persson et al. 2012). At the 
mire complex, a number of permanent scientific installations exist (e.g. Eddy Covariance 
(EC) and NDVI-measuring towers, chamber sites). These field observation sites can be 
distinguished in the aerial photography. 
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Figure 3. Stordalen mire complex. Close view of an aerial photography describing main 
features of the peat plateau and surroundings of the study site. The thick line indicates the 
described extent of the mire. 
 
Regional simulation models about the Abisko region predict an increased air temperature up 
to 3.6°C and an increase in precipitation up to 27% by 2080 (Sælthun and Barkved 2003). 
Stordalen is a place of intensive studies. Ongoing research is related to global climate 
influence on the change of Peatlands. Previous studies about Stordalen mire were of 
different purposes (Sonesson et al. 1980b). Since 1978 active layer depth measurements of 
soil underlain by permafrost has taken place. Research of the connection of thawing 
permafrost and effects from vegetation to CH4 emissions, and measurements of the 
permafrost active layer depth is done (Christensen et al. 2004). The changes in vegetation 
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and net carbon sequestration at Stordalen has been studied over a 30-year period (Malmer et 
al. 2005). Further, the displacement of dry-habitat vegetation by wet-habitat vegetation 
caused by permafrost degradation was investigated (Christensen et al. 2004; Malmer et al. 
2005). The most recent study of palsa vegetation types and active layer thickness 
measurements was from Bosiö (Bosiö et al. 2012).  
 
The mire complex represents a well-documented research site. The CH4 fluxes from 
individual vegetation types at Stordalen mire are under continuous observation, firstly 
measured in the 1980s during the Swedish IBP-programme (Sonesson et al. 1980b). In 
addition, the presence of partially collapsed permafrost and the ongoing change in the 
landscape at Stordalen makes the mire a representative site for further research about the 
impact to future GHG budgets from such an ecosystem (Gorham 1991; Christensen et al. 
2004). Stordalen is a representative study site for CH4 emissions due to an apparently 
changing landscape in the region. Because thawing of permafrost in sub-Arctic Sweden is a 
reaction to warmer temperatures, degradation (thaw) of the permafrost ground occurs and 
this can cause a change in vegetation composition at the mire. The active layer depth at 
Stordalen is increasing (Christensen et al. 2004). Increase in growth of shrubs in the Abisko 
area during recent decades show that there is a relation to warm summers and snow cover, 
to which plants in the region adapt to (Hallinger et al. 2010). 
 
1.3 Aims and Objectives 
 
The focus of this study is to investigate and apply the method of object-based image 
analysis to the classification of peatland vegetation cover using digital aerial imagery. The 
main aim is to use a suitable technique to derive a detailed map that shows the relative 
spatial distribution of vegetation at a peatland in the Arctic Tundra.  
To achieve this, the objective is to combine OBIA methods and remote sensing data of high 
spatial resolution. The presented work includes the preprocessing of the data, the 
segmentation of objects, establishment of classification controls, set up of training areas, 
classification to a vegetation map and an evaluation of the results.  
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2. Materials and Methods 
 
2.1 Remote Sensing Data 
 
A remotely sensed digital raster orthophoto of the study site is the main source shown in 
figure 4. Acquisition of the aerial image took place by a helicopter flight at August 1, 2008 
from a low (~500 m) altitude and from an angle of minimal shadow effects. The mounted 
digital aerial camera, type Rolleiflex P20 S/N, takes imagery with a resolution of 
4080x4076 pixels (Blom Swe AB 2012). The image has a ground resolution of 0.08 m. The 
spectral range of the image channels is in 3 channels red, green and blue (RGB) colors, in 8-
bit data format. The dataset (orthomosaic) covers a 5 x 5 km area east of Abisko in Swedish 
Lapland. In this work, a subset of the orthomosaic was used (Region Of Interest, ROI), to 
focus on the main parts of Stordalen mire which include areas of permafrost and are known 
to face a landscape change. The subset to map the vegetation covers an area of ca. 1.5 x 1.8 
km size.  
 
The usage of DEM derivatives may improve the accuracy of a vegetation classification 
(Reese 2011). Therefore, additional elevation data was used. A light detection and ranging 
(LiDAR) digital elevation model (DEM) for accurate height information was incorporated 
in the classification process to analyze the landscape. LiDAR sensors generate a pulse in the 
near infrared wavelengths that penetrates through the vegetation canopy which enables to 
return the ground elevation (Hasan et al. 2012). The raster DEM is of high resolution with 
1.0 m cell size. It was produced during the same survey as the orthophoto, in 2008.  
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Figure 4: Subset of the digital RGB orthophoto from aerial photography. Defined as ROI 
for classification (compare to figure 2). Covering the part of the study area of Stordalen 
mire in the center (ca. 1.5 x 1.8 km). 
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2.2 Methods 
 
2.2.1 Principles in eCognition Developer (Software) 
 
The used image analysis system, eCognition Developer 8.8 (Trimble), is a commercially 
available software (Benz et al. 2004). eCognition offers an integrated environment of 
algorithms and tools for image classification by object-based segmentation of data. The 
software supports input of common digital geospatial data such as raster RGB-imagery and 
elevation (Digital Elevation Models, DEMs), and thematic GIS-layers (e.g. shape format) 
(Trimble Navigation Limited 2013).  
 
The conventional segmentation used in landscape analysis, to extract land cover features, is 
the “Multi-resolution Segmentation” (MRS) algorithm. The MRS algorithm locally 
minimizes the average heterogeneity and following the size of image objects for a given 
resolution, named “Scale Parameter”. Other user-definable criteria are “Shape” and 
“Compactness”. Shape is a weight to define the amount of spatial homogeneity of color on 
the segmentation and compactness considers the contrast to differentiate compact image 
objects. Multi-resolution segmentation is a region-growing process (eCognition Reference 
Book 2012; eCognition User Guide 2012).  
 
The user has the option to apply different classification strategies that build on the 
segmented data. Classification strategies are either based on iterative classification, meaning 
a supervised classification, or hierarchically based on a rule-set. Typical is a combination of 
these methods. Classification of objects by a rule-set means the establishment of statistical 
and rule-based parameters and algorithms, defining the characteristics as specific variable 
values for every single class. (Blaschke et al. 2000). Supervised classification approaches 
enable to work with training data to teach the system by giving image objects as samples.  
The selected training set is included as a sample image objects of every class. Supervised 
classification in eCognition is a Nearest Neighbor (NN) classification (eCognition User 
Guide 2012).  
 
Optimization throughout the classification process is an ongoing procedure where the user 
is able to compare and edit output and results in different ways. eCognition allows to define 
a hierarchy by predefining each different step of the work into a pixel “level” that is usually 
connected to a “map”. A map consists of segmented and classified levels, and allows the 
combination between maps and levels (eCognition Reference Book 2012). 
The adjustment of parameters in the classification process is data dependent (Benz et al. 
2004). Useful parameters are obtained by visual inspection of image objects and compared 
to raw color RGB image. Adjustment and refinement during the iterative classification 
requires expert knowledge about the real condition (e.g. vegetation). The selection of 
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suitable algorithms and variable values (by thresholds, etc.) for object creation and 
classification is done within the “Feature View” function in eCognition. All derived 
parameters are included in an adjustable “Feature Space” for each individual class (see 
figure 5).  
 
 
Figure 5. Feature view dialog box (right) in eCognition. Example shows the discrimination 
of threshold values by the use of different viewers. A class is described in the feature space. 
 
Image Preprocessing
Orthomosaic
Thematic layer
Object Segmentation
Optimal parameters for scale, 
shape, compactness
Pre-Classification
Site classes
Training Sampling
Expert knowledge
Classification
Functional groups
Iterative rule set  
Figure 6. Simplified study procedure to perform the supervised classification. 
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2.2.2 Classification Scheme 
 
The definition of the final classification scheme used in this study is based on an existing 
vegetation map of Stordalen. The classification in site classes was done on data from 1979 
and 2000 (Malmer et al. 2005; Johansson et al. 2006). The data used in our study is of 
higher spatial resolution and the focus is on vegetation classes that occur within the mire 
complex at Stordalen, therefore the used classification scheme varies in the number of 
classes and content.  
 
As a modification of site classes used by Malmer, we used the categorization in the 
following eight classes: Hummock, Semiwet, Wet, Tall Graminoid, Standing Water, Rocks 
and Stone, Other Objects, Unclassified Objects - see table 1.   
 
Table 1. Classification scheme. 
# Class Name Class description and plant characteristics 
1 Hummock vegetation on peat formations, dwarf shrubs, lichens, mosses 
2 Semiwet differentiated by wetness, short graminoids, dense mosses 
3 Wet wet vegetation, short graminoids, dense mosses 
4 Tall Graminoid taller vegetation stands with less mosses 
5 Standing Water water covered soil: lakes, ponds, creek, pools 
6 Rocks and Stones granite rock and stone pits, mostly occurring outside of the mire 
7 Other other non-vegetated objects, e.g.: buildings, boardwalks, roads 
8 Unclassified unclassified objects, often shaded areas at birch forest and rocks 
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2.2.3 OBIA Classification Procedure 
 
The supervised classification with OBIA, applied in this study, comprises the following 
main steps: 
1) image preprocessing, 2) image segmentation, 3) training sampling, 4) feature space 
establishment, 5) image classification, 6) construction of a vegetation map, and 7) 
evaluation by using field data. 
 
1) In the first step, the geometrically pre-processed aerial ortho image tiles were 
combined into a georeferenced image mosaic. The mosaicking process was done in 
ESRI ArcGIS Desktop 10 and resulted in an orthophoto mosaic, which contains a larger 
area including the study site and parts of the area east of Abisko. Therefore, the data was 
reduced to an extent covering the ROI of Stordalen mire (compare figure 4). The scene 
was stored in GeoTIFF format with the reference system SWEREF 99 TM. The LiDAR 
DEM data was already distributed in a georeferenced raster format.  
 
2) During the second step, the ortho dataset was used to obtain (meaningful) image 
objects that depict the vegetation structure of groups of pixels. The segmentation is 
based on the subset and done with the image information software eCognition 
Developer 8. A try-out of different scale parameters in MRS segmentation was obtained 
to get a segmentation result that fits to the actual vegetation structure in the VHR 
orthophoto and suits to a classification and training. To avoid too small or too coarse 
objects, the spectral difference segmentation was performed and suitable image objects 
created. 
 
3) In the third step in eCognition, training data was gained from typical, vegetation 
pattern-like image objects that include the characteristics of the desired site classes. The 
class hierarchy was used to assign training samples to each class. The sampling was 
done by comparing the contextual information from the orthophoto to a selection of 
field-level photography. Also a training set of the thematic layer containing GPS-
observation points was used in this step. 
 
4) The fourth step was to build up an individual feature space for every site class. This 
had to be done in respective of the spectral information of the 3-band imagery in RGB-
channels. Vegetation in the raised main peat plateau was characterized with DEM-
information. A number of classification thresholds was used: mean (of all RGB), 
contrast to neighbor, mode, texture (GLCM), ratio, brightness, filtering (edge 
extraction). This step was done iteratively, since every class parameters had to be 
different. Thereby, overlaps of the spectral range of the classes were reduced. A manual 
refinement of unclassified or obviously misclassified was performed. 
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5) The fifth step was to classify the object values in eCognition. The information from 
segmented image objects is converted into a digital vegetation map. The NN algorithm 
(standard in eCognition) was used. Objects that resulted unrealistic (too big/too small, 
not following the real vegetation) due to the segmentation were manually edited, as well 
as obviously incorrectly classified objects. 
 
6) The sixth step includes the production of the vegetation map from the result output 
of classified image objects in 8 vegetation classes. Refinement of the map data was done 
in ArcGIS after exporting the classification results from eCognition in both shape- and 
raster data format. Results in shape file format were masked out to get the extent of 
Stordalen and merged together to derive statistical information (table 2). The map of the 
actual masked area of Stordalen mire was also used for evaluation (compare figure 9). 
Appendix 3 includes the entire classification map result of the area outside the mire 
boundaries. This area was not used during the training- and evaluation process. 
 
7) In step seven, the accuracy of the vegetation map was evaluated by using in-field 
photography as ground-truth data (details see chapter 3.2.4 and 4.2.). An additional 
thematic layer with point data (150 points) was used to compare the classification at the 
location of a selection of evaluation points. To evaluate the map result, detailed 
knowledge about the study site was consulted to assign each of the photos to a 
vegetation class. The map accuracy assessment was done in ArcGIS and Microsoft 
Excel.  
 
 
Figure 7. Detailed example of the workflow in eCognition: a) orthophoto input; b) object 
segmentation level showing the borders of image objects, training sampling; c) classified 
image objects (note: colors in c) are not in accordance to the final map). 
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2.2.4 Evaluation and Accuracy Assessment 
 
Because detailed ground-truth information of Stordalen is not available (at an equivalent 
high spatial resolution), the results were compared to photography from a field survey. The 
field-level photos were used as support for ground-truth information. Date of collection was 
during the growing season in 2013 at the 15th of June and 9th of August, under clear 
conditions. The photographs represent homogenous cover types of vegetation at Stordalen 
and are located at different points on the mire. The main vegetation class of all pictures was 
verified by knowledge about the site and its particular vegetation cover types at the 
observation points. The GPS-location of the photographs at the mire corresponds to the 
location of wooden markers, which are used as observation points of known location (see 
figure 8). A point shape file linked to the photos enabled to use the validation points as 
ground-truth information in the accuracy assessment.  
 
 
Figure 8. Observation marker number 105 for evaluation (in the center), field level 
photography.  
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3. Results  
 
3.1 Vegetation Map of Stordalen 
 
The vegetation map of Stordalen, as seen in figure 9, presents the result of the OBIA-
supervised classification. It shows the vegetation classes within the defined boundaries of 
the mire. 
 
 
Figure 9.  The resulted vegetation map of Stordalen mire, 0.08 m spatial resolution. (Large 
images can be found in appendix 2 ff.).  
  18 
A visual interpretation of figure 9 indicates the variation of vegetation pattern at the study 
site. Obvious is a dominant distribution of hummock and wet vegetation. Obvious is the 
allocation of the hummock class at the main peat plateau. The result is also apparent in table 
2: the largest area is classified as hummock (57%) and wet (21%). Semiwet vegetation 
appears at the main peat plateau and at regions at the north and south-east border of the mire 
extent. Tall graminoid occurs all over the mire. Standing water was classified at water-
saturated places, which are mainly ponds and smaller pools. Water appears relatively 
accurate due to the clear spectral response in the aerial photography. The class of rocks and 
stones mainly occurs outside the mire. Other objects, e.g. crossing boardwalks and scientific 
installations at the mire, are captured together in one class. Small fragments of unclassified 
objects remain in shaded areas of the birch forest, near rocks and mainly at the south fen 
area. Other- and unclassified image objects are usually of small size. 
 
Table 2. Distribution of the vegetation classes based on the area.  
Used extent for measurement is the masked boundaries of Stordalen  
as used in in figure 9. 
# Class Name Area (ha) % Area 
1 Hummock 12,833011 57,35 
2 Semiwet 1,692051 7,56 
3 Wet 4,730966 21,14 
4 Tall Graminoid 2,222910 9,93 
5 Standing Water 0,165939 0,74 
6 Rocks and Stones 0,117542 0,53 
7 Other 0,045798 0,20 
8 Unclassified 0,568561 2,54 
  Total 22,376778   
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3.2 Evaluation, Accuracy Assessment of Results 
 
Four vegetation classes were considered in the error matrix (table 3). It shows an overall 
map accuracy of 60 % with a kappa value of 0.2. Class hummock indicates the highest 
accuracies. 
 
Table 3. Error matrix for the vegetation classification. 
 
Figure 10. Example of semi-wet vegetation cover at Stordalen. Look in: a) field-level 
photography from 2013 showing a wooden sticker in the middle, b) the RGB aerial 
orthophoto from 2008, at same the location. The observation point was used for evaluation. 
 
 
 
  Reference Data 
 
   Ground Truth   
  
Site Class 
Hummoc
k 
Semiwe
t 
Wet Tall Graminoid Total 
C
la
ss
ifi
ed
 
D
at
a 
Hummock 55 6 8 1 70 
Semiwet 5 1 1 0 7 
Wet 8 3 5 0 16 
Tall Graminoid 5 1 4 1 11 
  Total 73 11 18 2 104 
User's Accuracy (%) 76 14 19 18 - 
Producer's Accuracy (%) 75 10 20 25 - 
Mean Accuracy (%) 75 12 19 21 - 
Overall Accuracy (%) 60 
Kappa 0.2 
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4. Discussion 
 
The applied method demonstrated that OBIA, as a technique to map peatland vegetation, 
leads to a satisfactory result. Since the vegetation composition grows on small size, the 
opportunity to capture such patterns from VHR remote sensing data is a benefit. But the 
segmentation and supervised classification of a number of classes requires time expenses 
and a higher amount of computation (ca. +20 min. per segmentation run on subset). Further, 
the establishment of individual class descriptions in a feature space costs time.  
 
In comparison to the aerial photography, the resulted map shows the main structures that are 
visible at Stordalen. Studying the imagery and classification, the resulted map appears to be 
suitable as it describes essential, apparent vegetation features of the mire. E.g. the large 
distribution of class hummock on degrading permafrost sites.  
 
The discrimination by heterogeneity of the spectral information from pixel values needs a 
careful, manual inspection of classification results. Similarity in reflectance of the surface 
structures (green in green) makes an unique separation more difficult. To obtain a realistic 
classification, expert knowledge and information about the plant growth, the region and 
ecosystem is needed for a meaningful interpretation. As an example, granite rock 
formations and water saturated areas show a bright response of darkness, which is a clear 
contrast to the green vegetation in the surrounding. This indicator is missing in classes like 
hummock and semiwet, and a more sophisticated feature space needs to be established. 
Therefore, the usage of a 4-band multispectral digital aerial imagery would be better, since 
NIR-wavelength information enables to derive vegetation indices (e.g. NDVI), which is 
commonly used in remote sensing landscape analysis. 
 
The workflow could be expanded. During the feature space establishment, more input of  
threshold and rule set values would change the description of every class. The more 
information available, the better is the distinction through the classification. 
 
The assessment result may be biased by an unilateral view at the classes. The map 
accuracies are based on only 5 of the 7 vegetation classes, which was due to missing 
evaluation data in the other classes. Evaluation and training data was only sampled in a 
particular area of the study site. A different number of ground truth and training points 
could change the results and accuracies. 
 
Figure 10 demonstrates limitations in the raw data itself, which lead to an unrealistic 
segmentation and are problematic in the classification process. A manual refinement of the 
supervised classification, as done in this work, is also a source of bias.  
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Figure 11. Limitations to image segmentation reasoned by inhomogeneous input data. The 
spectral differences in the RGB orthophoto complicate a determination of a valid class-
specific threshold. Examples indicate not realistic divided image objects: a) rock surface 
(red marked image objects are within a threshold), b) vegetation pattern in two different 
spectral tones caused by different camera angles. 
 
 
 
5. Conclusions 
 
The study demonstrates a straightforward approach to classify an aerial photography into 
detailed vegetation classes by OBIA methods. A number of conclusions can be stated: 
 
• The spectral characteristics of the vegetation can only be transferred into a 
vegetation map, when knowledge about the site and processes of permafrost 
degradation is available. In this study, information about the landscape is crucial. 
• The OBIA approach facilitated the detection of suitable objects for classification. 
• OBIA is of use for vegetation mapping from VHR remote sensing data. 
• A more sophisticated workflow would improve the accuracy of rule-sets and 
analysis of spectral thresholds, of the size and shape of objects, and other 
parameters. 
• Availability of more evaluation data could improve the classification result. 
• The resulted map is a contribution, to apply OBIA as a method for landscape 
analysis in research about northern peatlands. 
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Appendices 
 
 
Appendix 1. Orthophoto subset showing the Stordalen mire extent. The high pixel 
resolution (8 cm) enables to recognize structures and pattern of vegetation and other objects. 
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Appendix 2. Vegetation map of Stordalen including the main part of the mire. 
  29 
 
 
Appendix 3. Vegetation map of Stordalen including the surroundings of the mire. 
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Popular Science Summary 
 
Mapping the Vegetation of a Peatland in Swedish Lapland  
by using Aerial Photography 
 
Northern peatlands play an important role in the observation of global climate 
variations. Permafrost in the ground is melting slowly, because the earth becomes 
warmer. This tends to result in increasing methane gas emissions from the ground. 
The impact of degradation is visible in a changing land cover distribution at the 
peatlands, because the landscape faces a change into moister conditions. 
Understanding the relation to climate conditions of the future is a challenge. No 
accurate information about the particular vegetation of peatlands exists. More 
knowledge about the vegetation cover would help to understand the effects from 
loosing permafrost in peatlands. It is also a useful source for a long-term observation 
of landscape changes. In our work, the objective was to derive a map that shows a 
detailed vegetation distribution of a permafrost underlain area. This was done by a 
classification of an aerial photography. 
 
Because Swedish Lapland is far from populated places, remote sensing is a welcome 
method to observe the ground vegetation from above. This is commonly done by 
interpreting photos taken by an aircraft. Our method involves an approach of object-based 
image analysis. We classify the information from an aircraft-taken image in a meaningful 
context into groups of vegetation covering the land surface. We produce a detailed 
vegetation map that helps to explore the vegetation and to observe changes.  
 
Background 
Remains from the last ice age characterize the subarctic landscape of Swedish Lapland. 
Large areas are still underlain by a constantly frozen ground, permafrost. The regions of 
permafrost exhibit wetlands that are often peatlands. We know that the permafrost ground 
layer is sensitive to changes in local climates. An obvious effect, the trend to warmer 
temperatures and to more rainfall, is that the landscape changes slowly by that. Landscape 
transformation is highly visible by ongoing ground degradation. This causes an increase in 
the disturbance of wetlands. The plant cover is affected, as vegetation pattern is connected 
to the conditions in the ground. In subarctic regions, the plant species distribution covering 
a peatland is defined by water access. The production of methane, a greenhouse gas, is also 
connected to water accessibility. Water covered permafrost drives the release of methane to 
the atmosphere. A better knowledge about ongoing processes within the peatland 
ecosystems and permafrost disappearance is important. 
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Study Site and Data 
Northernmost Sweden, Lapland, is a region where peatlands are commonly found. We use 
an aerial photography that shows the area of a peatland that is underlain by permafrost. The 
digital image was taken during the growing season. Our study site, Stordalen, is a peatland 
close to the Abisko Scientific Research Station near lake Torneträsk. Stordalen is a peatland 
which has a frozen permafrost ground at different stages of degradation. Permafrost is 
already melting in some places, which suits the area for a closer observation. The used 
image has a high pixel resolution of 8 cm, which is in higher resolution than other available 
data of the area. Such high resolution enables to identify a high level of details of the 
vegetation cover.  
 
Image Classification 
A classification based on aerial imagery is a common technique. Traditional methods are 
based on a classification of every single pixel the image contains, and hereby considering 
the spectral information only. But this approach may lead to some problems, as one plant 
growing naturally consists of more than one pixel in a high-resolution image, as ours. The 
imagination that most plants covering the ground, e.g. patches of mosses, are naturally 
larger than 8 cm helps to understand this. We used the approach of an object-based 
interpretation, which enables a deeper influence on the classification, on the other hand. By 
the help of parameters and rule setting, object-based allows to capture typical pixel values 
that form a plant. Our method of object creation enables to include structures of different 
and very small sizes, so the plant cover is described following the natural shape. Main plant 
species are collected in vegetation groups that describe the type of plants by their growth 
form. Such a group is based on common characteristics. This classification method proposes 
the comparability of the vegetation classes. Using objects also enables new possibilities to 
analyze the vegetation. 
 
Results and Conclusions 
A map showing the distribution of vegetation at Stordalen peatland was obtained from the 
image. The work included tests of different parameters, the adjustment of the object size, 
shape and location. Typically, a vegetation object was identified by the spectral response of 
the plant surface in the image. A visual inspection, based on field knowledge, helped to 
determine the best parameters. The evaluation was done by comparing information from a 
field survey to the classification results. It was possible to produce a map that contains 
vegetation classes that follow the natural growth. Therefore, the combination of an object-
based image analysis with high resolution data is of use to map the vegetation of a peatland. 
More knowledge about the actual vegetation, to evaluate the classification result, could 
improve future map results. 
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